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4 XhFglY65 v X aFt(k v g5Fb VX YrX m	k v c?ef^7_aFX m)Xjt ^`X h_eb+8 aFef^`b`^`mnc?ef^`glh(mq^¶Y(a7b¶excih#9XjX o XYg o VX b`X m	k U p_mf^7_aFX m
o ^;:<9X v Xjh eqm Vcb+8 ^`h_e9X v ^`X a v o a YDX YrX o glYci^`hFX o Xs9cib`s aFb= o X m!Yrg o VX b`X m)sj^¶h#9X ef^7_aFX m!b`g_s9c?aFt o gl^>lXjh e
X e v XaFef^`b`^`m9X m o cihFm"b`X m"s U g_s mgla o cih7m"b¶Xjm"s glaFs U Xjmzb`^`Y^`eqX m o 8$9X s gaFb`X YXjh eqm o X c%? v c v 9X@9X m6ACBDFlFEGD
o Xjm"Yg o VX b`X m o X)mfgaFm+H§Y×c?^`b¶b`Xga o X)b`g^¶m o X)kc v g^mqglh_eh#9X sjX mfmxci^ v X mkga v s9cib`s aFb`X v b`X mI9X s gla7b¶XjYX h_efm
eqa v 5Fa7b¶Xjh eqmzc?aFefga v o 8 g5Fmfexcis b`X m v aFla7X aFtJD_b`X mK9X7_acieq^`glhFm o X}zc>_^`X v Hf\_eqgLlXjm o g^>lX h_ezX e v X!s gla7kFb9X X m
Vc o X m!Yg o VXjb¶Xjm o X1mqe v a7s efa v X m(hFghb¶^`h#9X;ci^ v X mkMgla v b±c v 9X mqglb`aFeq^¶gh o X(k v g5Fb VX YrX m U p o v g9X bdcimqef^7_aFX m
X h¿ v c?h o m o 9XjkFbdcis X YrX h_efmM
N X o X v h7^¶X v e§p_kX o Xk v g57b VXjYX mc?kFkc v ci^`e,O v 9X7_aFX YYrX h_eXjh!Y^`b`^`X a"^`h o aFmqe v ^`X b= Yrg o 9X b`^`mncieq^`glh o a
s gYkMg v efX YrX h_e o p hMciY^7_aFX o 8µciYrg v eq^`mfmfXja v m U p o v ciaFb`^7_aFX mD?s9cib`s aFb o 8$9X s gaFb`X YXjh eqm5F^`glYP9X s9c?hF^7 a7X mo c?hFm o X mrefaFp_ciaFtmqglaFk7b¶XjmD69Xjefa o X o X m(k U 9XjhFglY VX hFX m o 8 ^`hFmqencQ57^¶b`^`e9XcR9X v g9X bdc?mfef^7_aFX|cia7efgla v o 8µci^`b`X m
o 8µc>_^`glhX hË v cih o m o 9X kFbdcis XjYX h_efmMS8 ^`h_e v g o a7s ef^`glh o 8 a7hFXYrg o 9X b`^¶mxcieq^¶ghDh_aFYP9X v ^7_aFX(s g U 9X v X h_efXD
g5lwxX s eq^->X!X e"mqencQ57b¶X o Xs Xe§p kMX o Xmq^¶eqacieq^`glhFm"kMglmqXza7h×sjX v exci^`h|hFgY65 v X o X o ^;Ts aFb`e9X mU=
V 9X s v ^¶eqa v X o Xs gh o ^`ef^`glh7m o 8 ^¶h_eqX v O=c?s Xs g U 9X v X h_eqX m!ciaFt(hF^>X9ciaFtrs glh_eq^¶h_arX e o ^`mqs v X eD
V o 9X>X b`glkFkMX YXjh e o 8 c?b`lg v ^`e U YrX m o X!s gaFkFbdciX)XTs9c?s X mD
V cis eqacib`^`mnc?ef^`glh o Xbdc!9X glYP9X e v ^¶X o Xjm o glYci^`hFX mXWaF^ o XX e"mqglb`^ o XD
V Yg o 9X b`^`mnc?ef^`glh9X gYP9X e v ^7_aFX YXjh e%X tFc?s efX o Xmfe v aFs eqa v X mX h v c?h o m o 9X kFbdcisjX YX h_eqmmxcihFmXO=ci^ v X
cikFkMX b Vc o X m#5c?mfX mb¶g_s9c?b`X m"Yg5F^`b¶XjmM
N Xjm1k v g5Fb VX YrX m!Y(aFb`eq^¶Y(g o VXjb¶XjmzkMX a>X h_e1XjhYO=c?^¶eX e v X c%5g v o 9Xjm o XrY×c?hF^ VX v X(XTs;cis Xkc v aFhFX
mqe v c?e9X ^`X o X o 9X s gYkMglmf^`eq^¶gh o X o glYci^`hFXmqaFl9X v 9X Xkc v ZM[)aMc v eqX v ghF^¾X e"cib\Aµ{]^EGD?X e_7_aF^7m8µcikFk7aF^`X
mqa v b`X m`9X excikMX m)mqaF^>lcih_efXjm\=
M	^`h e v g o aFsjef^`glh o 8 aFh(mqp_mfe VXjYX"aFhF^7_aFX o 8CaR7_ac?ef^`glh7mciaFt 4 9X v ^>b9X X m u c v ef^`X b`b`X m v 9Xjl^`mfmxcih_eeqglaFeqX m
b`X m"s glYrkgmnc?h eqX m o ak v g5Fb VX YrXK9X efa o ^9XMF\_aF^>lcih_eb`X m)c?kFkFb`^`s9cieq^`glhFmDis XkXjaFe2X e v XaFhFXcOãg v Y(aH
bdcief^`gh|<SUa o X mY9X7_ac?ef^`glh7m o X(bdcyd9X s9c?hF^7 a7X o X m1y^`b`^`X aFt N gh_ef^`h_aFm6ed^`h_efX v cis eq^¶ghFmfWa7^ o X
mfe v aFs eqa v XgD_aFhFXbOGg v Y(a7b±c?ef^`gih)9X h#9X v cib`X o X m69X7_acieq^¶ghFm o X"}zc>_^`X v HÊ\_eqgLX m#edefa v 5FaFb`X h7s X"Y(aFb`ef^;H
9X s U Xjb¶b`Xg^D_b+8
9X^7 aMcief^`gh o Xchgb`e
? YcihFh o X"bdcs ^`h#9X eq^7 a7X o X m	 c%?Dgla(aFhFX`9X^7 aMcief^`gh o 8µc o >X s ef^`gh
o ^;:Wa7mf^`glhYedsjglaFkFbdc?lX U p_kMX v 5Mglb`^7_aFXkc v cQ5Mglb`^7 a7XgJi
M o 9X s gYkMglmq^¶eq^`glhY(aFb`ef^ o gY×c;^`hFX mMs glh7mf^`mfexcih_efX o X	s X"mqp e VX YX o 8Ca 4u kc v o 9Xjs glYrkgmf^`ef^`glh o 8 X m+H
kcisjXM_S¥X m(mfgaFm+H o glYci^`hFX mkMX a>lXjh e|Xje v X¿s glhFmqe v aF^`efm×c¿k v ^¶g v ^ Vc kc v eq^ v o Xs ghFmf^ o 9X v cieq^¶ghFm
9X gYP9X e v ^7_aFX mgla¿k U p mq^7 a7X mD¾ga|kMX a>lXjh eX e v Xcis eqacib`^`m9X m o XY×c?hF^ VX v Xc o c?kFenc?ef^>lX o a v c?h e
b`X1k v g_s X mfmqaFm o Xs9cib`s a7bjM N X efeqX o 9X s gYkMglmf^`eq^¶gh o 9X@MhF^`e o X(Y×cih7^ VX v X1c?aFefgY×cieq^7 a7X!X es g U 9XH
v X h_eqX×b`X(e§p_kMX o Xrs glh o ^¶eq^`glhFm1c?aFt b¶^`Yr^¶eqX m Vc^`YkMglmqX v cia7tD^`h_efX v O=cisjX mM u gla v aFh½k v g57b VXjYX
o X(s gaFkFbdciXfWaF^ o Xmfe v aFs eqa v XD%s X m!s gh o ^`ef^`ghFm o 8 ^¶h_eqX v O=c?s X o 9X v ^>X h_e2c?aFefgY×c?ef^7_aFX YXjh e o X
b+8
9Xjs v ^`efa v X o Xbdcs glh o ^¶eq^`glh o X!s glh_eq^¶h_aF^`e9X o X mc>_^¶eqX mfmqX m Vc!bdcmfa v O=cisjX o amfgb¶^ o Xi
{M	^`h e v g o aFsjef^`glh o Xmqe v cie9Xjl^`X m o 8 c?kFk v git ^`Ycief^`ghb`g_s9cib`X m o 9X@hF^`X m%^`h o 9X kMX h o ciYYrX h_eFmfa v s U cQ7_aFX





S¥X v 9X mqaFb`encie o X%s XjefefX o 9X Y×c v s U X%X mfeaFhFXROGg v Y(a7b±c?ef^`glh"Y(a7b¶eq^`Y(g o VX b`XX eY(aFb`eq^ o glYci^ hFX¾s g U 9X v Xjh eqX
o ak v g5Fb VX YrX^`hF^`ef^dc?bjD o X"e§p kMX 4 ^ v ^¶s U b`X eGH=}X aFYcihFh6AµB^E
D o cih7mbdcQ7_aFX b`b`Xb`X m%s glh o ^`ef^`glhFm o X	s gaFkFbdciX
mqglh_e v 9X kc v eq^¶Xjm o X	Y×cih7^ VX v Xs ghFmf^`mqencih_eqXX h_e v X"b`X m%mfgaFm+H o glYci^`hFX mJ>gl^`mf^`hFmMQSc o ^ TsjaFb`e9XX mqeX hFmqaF^`efX
o XYX eqe v XciakMgl^`h_eaFh7Xzk v g_sJ9X o a v X o Xs9cib`s aFbXTs9c?s X!kMgla v"v 9X mfga o v Xb¶XjmK9X7_acieq^¶ghFm)cib`9X5 v ^7_aFX m
s gaFkFb9X X m%g5FefX h_aFXjmM 4 cihFm¾b`X%s9cim o 8 aFhs gla7kFbdcilX%X h_e v X	aFhFX%mfe v aFs eqa v X"mqglaFk7b¶X%X eaFhFXmqe v aFs efa v X o a v XD
gh½kMX aFe o 9X Ygh_e v X v b+8 XTs9c?s ^`e9X o 8 aFhFXrmfe v cie9X l^`X o XkMgl^`h_e @Mt X v 9X mqglb>lcih_e o 8 c%5g v o b`Xk v g57b VXjYX
Yrgla|c>lX s o X ms glh o ^¶eq^`glhFmciaFtb`^`Y^`efX m o X 4 ^ v ^`s U b`X e)k7aF^`mzb`X!k v g57b VXjYX o a v c>X s o X ms glh o ^`ef^`glhFm
c?aFt|b`^`Y^`efX m o X(})X aFYcihFhUMW\Ha v o X m!mq^¶eqacieq^`glhFmkFb`aFm9Xjh 9X v c?b`X mDs X(e§p_kX o 8 c?b`lg v ^`e U YrX o g^¶e(X e v X
c?s sJ9X b9X v 9Xkc v o X m!k v g sJ9X o a v X m o X1e§p_kMX1 v c o ^¶Xjh es gh9wxaFa#9Xk v 9X sjglh o ^`eq^¶ghFh#9X(ga|X t_e v cikMglbdcieq^¶gh o X
~ ^¶s U c v o mqglh\M
S¥X 5FaFe o Xs X e!c v ef^`s b`XX mfe o X o 9X s v ^ v X(X e!c?hcib`p_mfX v b+8µcikFk7b¶^`s9c?ef^`glh o Xs X efeqX(mfe v cie9X l^`X(ciaFtk v gQH
5Fb VX YrX m o Xs glaFk7b±c?lXWaF^ o X!mqe v aFs efa v XXjh v c?h o m o 9X k7b±c?s X YrX h_efmX e o 8 X h o 9X s v ^ v X(mfX mk v ^`hFs ^`kc?aFt
c>lc?h exciX m\=
H¾^`h_e v g o a7s ef^`glh o Xmqs U 9X Y×c?m o X o ^`mfs v 9X eq^¶mxcieq^¶gh!X hefX YrkFmXje o 8 c?b`lg v ^`e U YrX m o Xs gaFkFbdciXmf^`YrkFb`X m
7_aF^ v X mqkXjs efX h_erb±c s glYrkcieq^-57^¶b`^`e9X!s ^`h#9XjY×cieq^7 a7X Vcb+8 ^`h_efX v O=c?s X1Xje1b`X(k v ^¶h7s ^`kX o Xs ghFmfX v >lcieq^`glh o X
b+8
9X hFX v l^`Xi
HX YrkFb`gl^ o 8
9X b9X YXjh eqm@MhF^`m"^¶h o 9X kMX h o c?h eqm)mqa v bdcmfe v aFs eqa v XX e"mfa v b`X o glYci^`hFXbWaF^ o Xi
HaFef^`b`^`mnc?ef^`glh o ^ v X s efX o Xjm1Yrg o VX b`X m v 9X s X h_eqm o Xs g7 a7X m U p kMX v 9X bdcimfeq^7 a7X m(X h½ v c?h o m o 9X kFbdcisjXH
YrX h_efmDj c v cih_eq^¶mqmnc?h e¾bdc	s g U 9X v X hFs XY×cie U 9X Ycief^7aFXX eb+8 g5lwxX s eq^> ^`e9X o a!Yg o VX b`X o Xmqe v aFs efa v X"s U gl^`mq^jM
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}glaFms glh7mf^ o 9X v glhFm^`s ^aFhY^`b`^¶Xja)s gh eq^`h aUD7_aF^_g_s s aFkMX"aFh o gY×c?^¶h7X10fe32.g o c?hFm%mncÄs glh@Mla v cief^`gh
c?s efaFXjb¶b`X6edYrg5F^`b`Xg^DlX e#7_aF^¾Xjmfe"s ghFmfeq^¶eqa#9X o 8 aFh WaF^ o XX hYga>lXjYX h_e%mfa v bdckc v ef^`X4065Je72.g o X40fe72.g





S¥X)k v g5Fb VX YrX"kgm9Xs ghFmf^`mfeqX Vc o 9X efX v Y^`hFX vzVcs U cQ7_aFX^¶h7mfenc?h_ebdc Oãg v YX"X e	b+8
9X^>lglb`aFeq^`glh o Xs X efeqX
s gh@a v c?ef^`glh 0fe72.g(ci^`hFmq^#7_aFXbdc > ^`eqX mfmqX  =	 o a WaF^ o XrX e o Xbdc|mqe v aFs efa v XD Vc¿bj8µc?^ o X o X m9X7_ac?ef^`glh7m o Xs ghFmfX v >lcieq^`glh o XzYcimqmfX"X e o Xc7_acih_ef^`e9X o XYga>lXjYX h_eMQa%s v ^`efX m)c?amqX hFmbO=c?^-57b¶X"mqa v
bdcs gh@la v cieq^`glh×c?s efa7X b`b¶XDFs X m 9X7_acieq^`glhFm o Xs ghFmfX v >lcieq^`glhglh_e"bdcfOGg v YrX"s bdcimqmf^7_aFX
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 67 .  !  =0fe72.g8"9$'&0(;:3 eGygla >lX YrX h_e.gM
s X m)9X7_ac?ef^`glhFm o XI5F^`bdcih kMg v excih_emfa v bdcYcimqmfX6>lgb`aFY^7_aFX  Db`Xs U c?Yk o XI>_^`efXjmfmfX  X eb`X s U ciYk o X¿efX hFmqX a v o XDs gh_e v c?^`h eqX m o X N ciaFs U p 1 o a Yr^`b¶^`X a 9X efa o ^9XD	^¶bcO=c?aFe v cjwxglaFeqX v aFhFXs gh o ^`ef^`gh!s ^`h#9X Ycief^7_aFX%mfa v bdcÄs glh_ef^`h_aF^`e9X o X mR>_^¶eqX mfmqX m VcÄbj8 ^`h_efX v O=cisjX<e32.g¾X h_e v XbWaF^ o XXjeLmqe v aFs efa v XM
}glaFmc?b¶b`ghFm!mfa7kFkgmfX v ^`s ^_7_aFXb`X6WMaF^ o XX mqe6>_^¶m$7_aFX aFtÎX ec o U¾VX v X|kc v O=c?^¶eqX YXjh e Vc¿bdc|mqe v a7s efa v X
7_a\8 ^`b\5c?^`lhFXDMs X07_aF^%mf^`lh7^ @MX 7_aFX1b`X!s U c?Yk o X0>_^¶eqX mfmqX m o g^`e1X e v Xs glh_ef^`h_a Vcbj8 ^`h_efX v O=cisjXM u gmnc?h e 9=   >   5)   9? DFgh^`YkMglmqX o ghFsbdc!s gh o ^`ef^`gh o X!sjglh_ef^`h_aF^`e9Xs ^`h#9X Ycieq^-7_aFX@A e  9 g  B  @A e  5 g  B9C eã{g
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4 a0O=c?^`e o X m	 v cih o m o 9X k7b±c?s X YrX h_efm o Xbdcmfe v aFs eqa v XDbdcs gh@la v cieq^`glh0fe32.g o 9X kMX h oo arefX YrkFmM
u gla v YX mqa v X v b`X m o 9X Oãg v Y×cieq^`glhFm o X1bdcrmfe v aFsjefa v XX eX hX t_k v ^`YX v b`X mb`gl^`m o X(sjglYkMg v efX YrX h_eD7^¶b
X mqe"k v c?ef^7_aFX o X)mqX v ciYrX hFX vVcaFhFXs glh @la v cieq^¶gh o X v 9XO9X v X h7s X:0=]'@t_9X XaFhFXcOãg^¶m
kga v eqglaFeqX m"X h
^`h_e v g o aF^`mncih_e"aFh7Xzs;c v eqX!s gh eq^`h a7X
2 = 0=]^_&(`"%$ 0fe72.gRe 2 ]a 2.g$ 2 e 2 ]a 2.gR7_aF^%cimfmqg_s ^`X Vc!eqglaFe"kMgl^`h_e 2 ] o X!bdc!s gh@a v c?ef^`glh @t_X40 ] mnckMglmq^`ef^`glhcis eqaFX b`b`X 2 e 2 ]  2.g
X h|s gh@Ha v c?ef^`glh 0fe72.g^MS¥Xs U gl^`t o Xbdc!s gh@a v c?ef^`glh%0 ] Xje o Xb±cs9c v efX 2 kMX aFe!Xje v Xc v 57^¶e v c?^ v XM_} 9X;cihFYrgl^`hFmD_c@Mh o Xmq^¶YrkFb`^;@X v b¶Xjm"s9cib`s aFb`maFb`e9X v ^¶Xja v mDFhFgaFmzc?b¶b`ghFmmqaFkFkMglmqX v 7_aFX!bdcs glh @la v cieq^¶gh 09]  29b/c e+09g	XjmfeaFh7Xs gh@la v cieq^`glhY×c?e9X v ^`X b`b¶X o X(bdcmqe v a7s efa v XYA¶;^E





v 9XO9X v X hFs X 2 ]QM N X)s U g^`t1X t_k v ^`YX#7_a\8 X heqglaFe	kMgl^`h_e o X)bdcmqe v aFs efa v X!bdcf>_^`efX mqmfX o Xb±c2s glh@Mla v cief^`gh
e gla`>_^¶eqX mfmqX o X! v ^`b`b`Xg   = 5 5    X mqe 9X _cib`X Vcbdc>_^¶eqX mfmqX o X!bdcmfe v aFs eqa v X e 2 g   2 2 e 2 ]  2.g    C edZ g b_X mqeRO=c?s ^`b¶X o X"e v cihFmqkg v efX v b`X m09X7_ac?ef^`glhFm o Xb5F^`bdcih!mqa v bdc"sjglh@a v c?ef^`glh@t_X0=]M 4 X	b+8 ^ o Xjh eq^`e9Xo X u ^`glbdc 
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 ] 9 CSX8µcikFkFb`^`s9c?ef^`glh o Xs X m^ o X h_ef^`e9X m o Xze v c?hFmfkMg v e)ciaFt(b`gl^`m o Xf5F^`bdcih(kMX v YrX e o X v cikFkMg v efX v b`X m"b`gl^`m
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YeGygla >lX YrX h_e.g C
\Ha v 0=]QDFb`X m"Xjmfkc?s X mefX mqefmmfglh_e"Yci^`h_efX hc?h_e o 9X@h7^¶mkc v
 ¥ = 0=];" $'&()H 
	e+0=]g3
*  = 0 ] "%$'&( :    
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
S¥X mP9X^7 aMcief^`ghFm o X 5F^`bdcih o X|bdc mqX s ef^`gh k v 9X sJ9X o X h_efX o gl^>lX h_e|X e v Xs gYkFb9X e9X X mrkc v o X mb`gl^`m
o Xs gYkMg v efX YrX h_e v X b`^dcih_e!s gh e v c?^¶h_eqX m1Xje U ^`mfefg^ v X o X m o 9XOãg v Y×c?ef^`glhFmM¾&s XhF^>X9cia\D^`b o X>_^`X h_e
h#9Xjs X mfmxci^ v X o X o ^`mfeq^¶h7laFX v WaF^ o X"Xjemfe v aFs eqa v XM u gla v b`XbO=ci^ v X o XY×c?hF^ VX v X"ciaFeqglYcief^7_aFXD;^`bFmqaTeX h
O=c?^`e o X o 9X sjglYkMglmqX v b`X mX mfkMcis X m o XjmOGglhFs eq^`glhFm"eqX mfeqmzXjh`Oãglh7s ef^`glh7m"efX mqe10%WaF^ o X m0gk 9X v c?h_e"mfa v bdc
kc v eq^¶XcWa7^ o X o a×Yr^`b¶^`X a(XjebOãglhFsjef^`glhFm"eqX mfe.0lmqglb`^ o X m'0glk#9X v c?h emfa v b`Xs gYkFb9X YrX h_enci^ v X"mfe v aFs eqa v X
  932  5  4 932  5 C
u ga v s X bdcD_gh^¶h_e v g o aF^`e	aFhglk#9X v cieqX a v o 8 Xjt eqX hFmq^¶ghYede v cis X^¶h>X v mqXg@A bc =5Ze0</]g8" $6 c e+0 5 ] g @A37/@A bc e  g     8Ze< ] gR7_aF^¾k v glb`glh7lX o XY×cih7^ VX v X"s gh eq^`h a7X o c?hFmb`X#Wa7^ o X)efgaFe	s U ciYk o Xc> ^`eqX mfmqX m o 9X @hF^Mmfa v b+8 ^`h eqX v O§cis XD
X eglh o 9X@hF^`eb¶Xjm"X mfkc?s X mcWaF^ o Xjm"X e"mfgb¶^ o Xjm v X mqkX sjef^>lX YrX h_e)kc v
 5    9 c e+0=]! &0( : g   
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4 c?hFm¾s X eqefX"s ghFmfe v aFs eq^`glh\D;b`X mJOGglhFs eq^`glhFm¾eqX mfeqm/0%WaF^ o X m0)mqglh_eh_aFb`b`X m¾mfa v b+8 ^`h_efX v O=cis XM u c v s gh_e v XD
b`X mfOGglhFs eq^`glhFm.0lmfgb`^ o X m'0mfgh_ezh7glh h a7b¶b`X mmqa v b+8 ^¶h_eqX v O=c?s X!X emfX(k v glb`glhFX h_e o X(YcihF^ VX v X!s gh eq^`h a7X
o c?hFmb`XbWaF^ o XMhFX"efX b`b`X o 9X sjglYkMglmq^`ef^`glh o 8 X mfkMcis X"h\8 X mqekMcimaFh7^-7_aFXM)h(s U c?hFlX YrX h_e o X o 9Xjs glY H
kMglmq^¶eq^`glh o 8 X mfkc?s X v X^> ^`X h_eXjh0O=ci^`e Vckc v enciX v o ^;:<9X v X YrYX h_eb`X m
s glh o ^¶eq^`glhFm o 8 ^`h_efX v O=cis X"Xjh e v X"k v gQH
5Fb VX YrX#Wa7^ o XzXje"k v g5Fb VX YX"mqe v a7s efa v XM\S¥Xzs U g^`t(X:WXjs efa#9X^¶sj^¾^¶YrkgmfXb¶Xjm"s glh o ^¶eq^`glhFm o Xs glh_eq^¶h_aF^`e9X
s ^`h#9XjY×cieq^7 a7X mmqa v b`Xk v g5Fb VX YrX#WaF^ o X6e s glh o ^¶eq^`glhFm o X 4 ^ v ^`s U b¶Xje.g	X e"b`X m"s gh o ^`ef^`ghFm o Xs glh_eq^¶h_aF^`e9X
o 8 X:¾g v efmmfa v b¶Xk v g5Fb VX YXmfgb¶^ o X6e s glh o ^¶eq^`glhFm o X}X aFY×c?hFhg^M
  
	&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  ") 
S¥Xk v g5Fb VX YX WaF^ o XX mfeciaFeqglYcief^7_aFX YrX h_eg5FeqX h_aAX h v X mqe v X ^`lhc?h erb`X mb`gl^`m o X`5F^`bdcih c?aFt
mqX aFb`X m#OGglhFs eq^`glhFm"eqX mfeqm o X  5(X e: 5,M N gYYX	s X m'Oãglh7s ef^`glh7m"mfglh_e"h_aFb`b`X m	mfa v 09] D_^`b v XjmfefX
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4 c?hFms Xjm^`h e9X  v cib`X mD9^`bX mfek7b¶a7mmf^`YrkFb`X o Xs9c?b`s aFb`X v b`X m o 9X v ^>lc?ef^`glhFmX hefX YrkFmmqa v b±cÄs glh @la v cH
eq^¶gh0@t_X 0=]QDX e	b`X mefX v YXjm o X)sjglh>lX sjef^`glhrgla(b`X mb`gl^`m o Xs glYrkg v efXjYX h_e%mfa v bdcs glh@Mla v cief^`ghcisH
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7_aF^%YX mqa v Xjh e
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o ghFhFX
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N XeqX mfes bdcimfmq^7 a7X o X v X efga v hFXjYX h_e o X!sjg 7_aFXs glaFk7b¶X v 9X mf^`mfexcihFsjX1X h WX t_^`glhX e v 9Xjmf^`mfexcihFs XX h
YrX Y65 v c?hFX"X ek v 9X mqX h_efXkFb`aFmf^`X a v m"kMgl^`h_efm"b`^`Y^`efX mM hAsjglhFmq^ o VX v XaFh7XDs g7_aFX kXja k v gQOãgh o X)eO=c?^5Fb`X YX h_es gla v 5#9X X½c?a v Xjkgm.gs p_b`^`h o v ^-7_aFXD o X
v c;plglh o X"s gla v 5Fa v X (  BiZ ]ÄYY D o Xb¶ghFla7X a v  BiZYY Xje o 8$9X kMci^`mfmqX a v  c R C {BÄYY M9\_ghYrg o aFb`X o 8 gla7hF#>lciaFe   {7] C !B	}iYY  X e
mfglhs g_XTs ^`X h_e o X u gl^`mqmfglh Wd] C { M N X eqefX"s g7_aFXX mqeX hFs9c?mfe v 9X X(mfa v mfXjm o X aFts gle9X m o v g^`efmM,S¾X mmqp YP9X e v ^`X m o a|k v g5Fb VX YrXkX v YX eqefX h_e o X!h\8$9X eqa o ^`X v
7_aFX!b`X iZ o Xzbdcs g7_aFXIe ^`MFgM h o 9XOGg v YrX)bdcs g7 a7X_=
Hmqgl^`e"X h|cikFk7b¶^7_ac?h e	aFhFXcOãg v s XkghFs efa7X b`b¶X!c?a×kMgl^`h_e	s X h_e v cibRh<D
Hmqgl^`e"X h Oãg v s9cih_e"b`X o 9X kFbdc?s X YXjh e o XzsjX!kg^`h eM
u ga v b`X m o X aFtre§p_kX m o Xs U c v lX YrX h_eD_b`X m"mfgb`aFef^`glh7m"mfglh_e"s9c?b`s aFb9X X m^¶sj^¾kc v aFh|c?b¶g v ^¶e U YX o X
}X "efghH ~ cik U mfglhUMW\ 8 ^`bX mfe^`hF^`ef^dcib`^`m9Xkc v bdc(mfgb`aFef^`glh|c?a v X kMglm	9]QDMs Xje2c?b`lg v ^`e U YrX)s gh >X v X!X h
Yrgl^`hFm o X U aF^`e^`e9X v c?ef^`glhFmc7_aFX b\7_aFXmqgl^`e"b`Xzs;cim o X!s9cib`s a7bjM 4 c?hFm"b`X!enc%5Fb`X9cias ^;Hfcik v VX mD7hFglaFm)c>glhFm
9X _cib`X YrX h_e v Xjk v 9X mqX h_e9Xb`Xh7glY65 v X o 8 ^`e9X v cief^`ghFm%X eb`XeqX Yk7m o X"s9c?b`s aFbFmqa vzu !{Bh#9X s Xjmfmnc?^ v X m"kMgla v
g5FefX h7^ v b`X mmfgb¶a7ef^`glhFm o 8$9X7_aF^`b`^5 v Xkga v b`X m o XjaFts U g^¶t o 8
9Xjb9XjYX h_efmb@MhF^`mDFcia`>gl^`mf^`hc?lX o XzkMgl^`h_efm
b`^`Y^`efXjmDiga(kga v b`X m
s9cim o X o 9XWX t_^`glhrY×cit_^`Ycib`XMS¾X m v 9XjmfaFb`enc?efm"mqglh_ee v VX m	kMX amqX hFmf^5Fb`X m)c?a(s U gl^`t
o Xbj8$9X b9X YrX h_eR@hF^+M
\Hglb+M_X mfeq^`YP9X X 4 9XO.M7^¶Yrkgm9X X 9X b`eb@hF^ ^`eqX v m s U c v e N u 
9]  {]  v lp v ^`m ! {M   ! {Mµ!?m
4   T ! ZMµ{l?Z Mµl?m
 ]  ]  v lp v ^`m ! ]MCBl {MCBl{?m
4   T   ]MCBF   {]Mµ{   m
 ]  ]  v lp v ^`m B Mµl {Mµ   m
4   T B Mµ{] ;MµFjm
S¥X m v 9XjmfaFb`enc?efm"mqglh_e"s glYrkc v 9X m"ciaFt v 9X mfaFb`exciefm"g5FefXjh a7m"kc v \_^`YgIAµ{B^EWga×kMc v o 8µciaFe v X m)c?aFefX a v m
e ^`,Ml{g^M  h v XjY×c v 7_aFX_7_aFXYDX YrXkMgla v a7h(Y×ci^`b`bdciiX v X bdcieq^->X YXjh e% v glmqmf^`X v eG 9X b9X YrX h_efm v lp v ^¶m
ga    9Xjb9XjYX h_efm 4   T gD7b`X m v 9X mqaFb`enc?efm)mqglh_e"efgaFe Vc O=ci^`e	mncieq^`m+O=c?^¶mxcih_efmM
     '-3 $8) + -3 	#$&"'!#!# 	
N Xje1X t_X YrkFb`X(X mfe(s;c v c?s e9X v ^`mfeq^-7_aFX o Xjm(mfe v aFs eqa v X mrY^`hFs Xjm!X e o 9XOãg v Y×c%5Fb`X m 7_aF^I9X7_aF^`kXjh e(b`X m
g v  c?hFX m U p o v c?aFb`^7 a7X m o X m)ciaFeqglYrg5F^`b`X mM  b¾hFglaFm	^`h_e9X v X mfmqX1kMgla v b`X)k v g5Fb VX YrX o Xs gaFkFbdciX#Wa7^ o X
mqe v a7s efa v X1e v c?^¶e9X1cik v VX mM h(s ghFmf^ o VX v XaFh(s bdcikMX efe ^`MiZgc;p c?h_ebdc#OGg v YrX o 8 a7hcihFhFX;cia(kFbdcie o X v c;plglh^`h_e9X v ^¶Xja v A dB
YrY D o X v c;plgh|X t_e9X v ^`X a v (  ] C BYY X e o 8$9X kc?^`mfmfXja v  P ] C YY M N X e!cihFhFX;cia|X mqe!X hDc?s ^`X v
e v X Yrk 9XD o XYrg o aFb`X o Xgla7hF  lF6]]]|y u cXje o Xrs g_XTs ^`X h_e o X u gl^`mqmfglhE ] C {M\S¥Xs bdc?kX eX mqe1mqX v eq^"mfa v efgaFe!mfghY5g v o ^¶h_e9X v ^`X a v Db`^dci^`mqglh 7_aFXrhFglaFmcimfmq^`Y^`b`X v ghFm VcaFhFXrs glh o ^¶eq^`glh
c?aFtb¶^`Yr^¶eqX m o Xe§p kMX!X h7s9cimqe v XjYX h_eM¾\_a v Z o ^`m









? ghFX o Xs U c v lX YrX h_e
X hFs9c?mfe v X YXjh e
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Comparaison avec le code ABAQUS
DKT
Abaqus S4R
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s XjecihFhFX;cia\D%gh cik7kFb`^-7_aFX(a7hFX6Oãg v s X o Xrk v Xjmfmf^`gh a7hF^;Oãg v YXM\aencih_e o glh7h 9Xb`X mmfp_YP9Xje v ^`X m o Xbdc
9X glYP9X e v ^¶XX e o a×s U c v X YX h_eD_glhd9X efa o ^`XzmqX aFb`X YrX h_e!    o as bdcikMX e e ^`,M_Z gM
S¥X m" v cih o m o 9XjkFbdcis X YrX h_efm	X e"bdc ?jglhFX o 8µcik7kFb`^¶s;cief^`gh o ars U c v lX YrX h_eX h_e v c9 `hFXjh e"a7hs gaFkFbdciX
X h_e v Xb±c v 9Xjmf^`mfexcihFs XX h`WMX t_^¶ghX ebdc v 9X mf^`mfexcihFsjX1X h¿YX Y65 v cihFXM  hm8 ^`h_e9X v X mfmqX Vcbdc o 9XOãg v YP9XjX o a
s bdc?kX e e ^¶,M Bg%X e)c?a o 9X kFbdcisjX YX h_e o akMgl^`h_e 	0M  hrs glYrkc v X"b`X m v 9X mfa7b¶excieqm Vcs X aFtrg5FeqX h_aFm)c>lXjs
b`Xs g o Xh	[z\X e"b+8$9X b9X YrX h_eR@hF^\_Z ~ eQ9X b9X YXjh eb7_ac o v cih7lbdci^ v Xe§p_kXs g7_aFX VcfO§cis X eqefX mgM u gla v
s X¿efX mqeD%glhËk v X h o aFhÎs bdcikMX e o XYg o aFb`X o Xgla7hF   F] ]]]|y u c X e o Xs g_XTs ^`X h_e o Xu gl^`mqmfglh W ] C {kga v aFhFX 9X kc?^`mfmfXja v  ;d] C 7BYrY e ^`MFg^M
u ga v sjX×e§p_kMX o Xmqe v a7s efa v XDgh">gl^`e 7_aFXb`X m v 9X mfa7b¶excieqm(g5FeqX h_aFm(^`s ^)c>lX srhFgle v XrYg o VX b`X o X
s g7_aFX m	X h( v cih o m o 9X k7b±c?s X YrX h_efm v X mfeqX h_e"s g U 9X v X h_efm"c>lXjs"s X aFt o X m	Yg o VX b`X m v g5FaFmqefX m	efXjmfe9Xjm o cihFm
b+8 ^`h o aFmqe v ^`XM
   	     (  !8 	&	&!8). '- '-    !#"' '* ($9!  h!sjglhFmq^ o VX v X	aFhFXk7b±c%7_aFX%kFbdcihFX%s9c vfv 9XjX o Xs ge9X 	ER]	s Y D o 8
9X kc?^¶mqmfX a v s ghFmfexcih_efX   ] C FjZlZ






X mfe!kMglmqmf^5Fb`X o X(s9c?b`s aFb`X v c?hcib`p_ef^7_aFX YrX h_e"b±crmqglb`aFef^`gh\M 4 X0O§c s ghDs bdc?mfmf^7_aFX A ZE
DMb±crkFbdc%7 a7X
Yr^¶h7s X)kMglm9X X!X h`WMX t_^¶ghkFa v X!g5 9X ^`e)ciaFt)9X^7 aMcief^`ghFm"mfaF^>lc?h eqX m\=     :;eq#"   g  88         d] e 2  d]g ] e 2  4	Xgd] / !n C
eGlg
g Va  
  M  h|Xjh o 9X o aF^`e)ci^`m9X YX h_e	b`X mbO v 9X^7 a7X hFs X mk v glk v X m o X!bdc!mqe v a7s efa v X#=
4  	   R
  , 
   	   Q  c  Q  	 ;eq#"	  g  Q c  Q   _& C eG!gu c v cib`b VX b`X YrX h_eDglh|X:¾X s eqaFXaFh|s9c?b¶sjaFbh_aFYP9X v ^7_aFX o ^ v X sje o Xs X m'O v 9X7_aFXjhFs X m!k v glk v X m Vcb+8µci^ o X
o X	b+8
9X b9X YX h_e,@h7^ 4   T M u gla v X t_e v ci^ v X	b`X m   k v X Y^`X v mYrg o X mDjglh!aFeq^`b¶^`mqXb+8 c?b`lg v ^`e U YrX o X#Sc?hFs? gmM h o ghFhFX o cihFmb¶XencQ57b¶X;cias ^;H o X mfmqglaFmb`X m v 9X mfa7b¶excieqm)g57efX h_aFmkMgla v aFhY×ci^`b`bdciX Vc9   9Xjb9XjYX h_efm
X ekga v aFhY×c?^¶b`bdc;lX Vc   ]])9X b9X YrX h_efmM S¥X m!X vqv X a v m(g57efX h_aFX m v X mqefX h_e^¶h O%9X v ^`X a v X m1c?a kga v b`X
Yci^`b`b±c?lX Vc   ]]Y9X b9X YrX h_efmD_s X 7_aF^¾X mqe)efgaFe Vc O=ci^`e"cis s XjkFenc%5Fb`XM
yg o X m T"U 9X g v ^-7_aFXjm ;   a  X vfv X a v   ]]Za  X vfv X a vQ c Q  e  ?g e  ?g e6g e  ?g e6g  !   MC]l !!MCB M !l !! Mµ! NI   ;B M¶B ;l M B   Mµ{l 9?ZM !F    
  ;B M¶B ;l{ M ] MC]l 9?ZM !   NI
  {79 M ?Z {]iZ,M ]] MµiZ {F]M !      
 { {] M  {   Z,M B?Z M Z ! {   Mµl{     
{  {] M  {   Z,M B   M Z  {   Mµl{     
 { B]! M {   Z    M ?Z {Mµl{ B]?Z    
{  B]! M {   Z    M !! {M Z ! B]?ZM`9    
       $&"( )+.(   $ 	& (.-3! $ 	   h`>lXjaFe"Y×c?^¶h_eqX hcih_e>lc?b`^ o X v h7glm"mfs U 9XjY×cim o 8 ^`h_e9Xj v c?ef^`glhrX hefX YrkFm	mfa v aFhs9cim"e v VX mmf^`YkFb`XM hrs glhFmq^ o VX v XaFhFXkgaFe v X^¶mqgle v glkMX o XY×c?mfmfXc>lgb¶a7Y^7_aFX   !]] L    : D o Xb`glh7laFX a v  Z(YrY D o 8$9X kMci^`mfmqX a v  ;d] C !YrY Xje o XYg o a7b¶X o XgaFhF   Ff]]]1y u c M N X eqefX!kMglaFe v X!XjmfeX h7s9cimqe v 9XjX Vc"b+8 aFhFX o X	mfXjmLXjt e v 9X Yr^`e9X mM hFX Oãg v s XkMglhFs eqaFX b`b`XsjglhFmqencih_eqXX mqecikFkFb`^7_a#9X X VcÄb+8 Xjt e v 9X Yr^`e9X
b`^5 v XM  h 9X efa o ^`X1b+8
9X>lgb`aFef^`glh o Xs X efeqX(X t_e v 9X Y^`e9X(cia¿s gla v m o aDeqX Yk7m)kMgla v b¶Xmfs U 9XjY×c o Xkg^`h e
Yr^¶b`^`X aX ekMgla v b`X	mfs U 9X Yc o 8Ca%aFb`X v e ^`M!g^M 4 cihFm%b`X m o X aFt!s9c?mDib`X	Y×c?^¶b`bdciXs gYkMg v efX   9Xjb9XjYX h_efm
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}glaFm)c>glhFm#>b9X v ^;@'9Xb±csjg U 9X v X hFs XX eb±c v g5FaFmqefX mqmfX o X!b+8µcib`lg v ^`e U Y(X o XzsjglaFkFbdc?lXk v 9XjmfX h_e9X^`s ^
mqa v b`X×k v g57b VXjYX(s gYkFb`X t_X o a"OGglhFs eq^`glhFhFXjYX h_e o 8 aFhËciYrg v eq^`mfmfXja v×Vc¿s bdcikMX eqm(mfgla7kFb`X m o Xe§p_kX
N ^`e v g	X hUM N X e(g v  c?hFXYX eX h|wxX aËaFh Wa7^ o XI>_^`m
7_aFX aFtÎs glh_eqX h_a o cih7m(aFh½s p_b`^`h o v X×Xjemfa7kFkgm9X
^`hFs gYk v X mfmq^5Fb`XMJS¾g v m o 8 aFhFXs U c v lX(X t_X v sJ9X Xrmfa v b+8 X mqmf^`X a\D¾b`Xb`^-7_aF^ o XX mfe!Yr^`m)X hYrgla>X YX h_e	X e
>_^`X h_e)s gYk v ^`YX v a7h|s bdcikMX e)YP9X enc?b`b¶^7_aFX#7_aF^g5Fmqe v a7X1b`Xs p_b`^¶h o v XM \_gla7m)bdck v Xjmfmf^`gh\DMb¶Xs bdc?kX emfX
o 9X Oãg v YXX e!bdci^`mfmqX1m8
9X s gla7b¶X v b`X(b¶^7_aF^ o XM,S8µciYrg v ef^`mfmqX YX h_e"X mqe v 9X9cib`^`m9Xkc v X:¾X e o X(bdciYr^`hciX o a
Wa7^ o Xkc v b`Xs bdcikMX eM u gla v s9c v c?s e9X v ^`mfX v bdckMX v OGg v YcihFsjX o X(b+8µciYrg v eq^`mfmfXja v D¾ghm8 ^`h_e9X v X mfmqX Vc¿bdc





N Xje!X t_X Yk7b¶XX mqe1aFh7X65ghFhFX(^`b`b¶a7mfe v cieq^¶gh o X m!k v g5Fb VX YrX m^¶h o aFmfe v ^`X b`mg Va b¶X(sjglaFkFbdc?lXX mfeb`X
k U 9X hFglY VX hFXk U p_mf^7_aFX o glYr^`hcih_eM
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S¥g v m
7_aFX!b+8 glhe v ci^`efX o X mk v g5Fb VX YrX m o Xs gla7kFbdcilX WaF^ o X!mqe v a7s efa v X(X h  v c?h o m o 9X kFbdcisjX YX h_eqmD
gh Xjmfe×c?YX h#9X Vc o 9XOãg v YX v b`XY×c?^¶b`bdciX o a o glY×c?^`hFX o Xs9cib`s a7b WaF^ o XMbSc¿kFb`aFkc v e o aËefX YrkFmD
b`X o 9X kFbdcisjX YX h_e o 8 aFhFX|kc v eq^¶X o XDbdc O v gh eq^ VX v X v 9X mfa7b¶eqX o ^ v X sjefX YrX h_e o X bdc o 9XOGg v Ycieq^¶gh o 8 aFh7X
mqe v a7s efa v X 9X bdcimqef^7_aFX o Xe§p_kX¿s g7 a7XM#S¾X o 9XjkFbdcis X YrX h_e o X|bdc O v glh_ef^ VX v X 9X enc?h_e(s glhFh_a\D	^`b"X mqeX h
9X h#9X v cib"^`h o ^`mfkMX hFmxcQ5Fb`X o Xk v glkc?lX v s X eqefX o 9XOãg v Y×c?ef^`glh Vc¿b+8 ^¶h_e9X v ^`X a v o a o glYci^`hFXD o X6O=cs glh Vc
s ghFmfX v >lX v mqa v 065 e32.gaFh1Yci^`b`bdc;lXqk v gk v X 0Dis8 X mqe+H VcH o ^ v X v X mqkXjs enc?h e	b`X m%s glh_e v ci^`h_efXjm o X v 9X aFbdc v ^`e9X
7_a\8 glhc>lc?^`eL^`Yrkgm9X X m"cia(Yci^`b`bdcilX
^¶h7^¶eq^dcibJedeqglkMglb`gl^¶Xjm 9X7_aF^>lcib`X h_efXjmDFcQ57mfX hFsjX o X)s U X>lc?aFs U X YXjh e
X e o X v X eqgla v hFX YrX h_e o Xs X b`b`aFb`X mD7_acib`^`e9X o X mY×ci^`b`b`X m.g^M
u ga v1v 9X mfga o v X×sjX×k v g57b VXjYXD^`bX t_^`mfeqXkFb`aFmq^`X a v mc?kFk v g s U Xjm(kgmfmf^5Fb`X mMS8 aFhFX o 8 X h_e v X×Xjb¶b`X m
s ghFmf^`mqefX Vc(cF:WX sjefX v ciaYci^`b`bdcilX	aFhFXs ^`h#9XjY×cieq^7 a7X)k v glk v X A`BDFlEXje Vce v c?^`efX v mqX m o 9X Oãg v Y×cieq^`glhFm2 e 2 ]H 2.gs gYYrX!aFh½k v g57b VXjYX o 8$9X bdcimqef^`s ^`e9X(h7glh½b`^`h#9X9c?^ v X(e v ^ o ^`YX hFmq^`glhFhFXjb¶b`XM N X b`aF^;H=s ^	m8 X t_k v ^`YXX h OGg v Y(a7b±c?ef^`glh o 9X kFbdc?s X YXjh emqa v bdc(mqe v a7s efa v X^`hF^`ef^dc?b¶XX eX mfe!sjg U 9X v X h_ec>X sb¶XYg o VXjb¶X Vce v g^¶ms U c?YkFmb7_aFXhFglaFm)c>glhFm"k v 9X mqX h_e9XMJS8 ^`hFs gh>_9XjhF^`X h_e o 8 aFhFX)eqX b`b`X2c?kFk v g s U XX mfemfglhs gaFe#7_aF^¾kMX aFe
X e v X(k v g U ^5F^`eq^ O o VX mb`g v mf7_aFXb+8 gh|X mqe2c?YX h#9X Vcrbj8 X:¾X s eqaFX v mqgla>X h_e6edefgaFmb`X mkcim o X(eqX YkFmkc v
X t_X YrkFb`XgMUa%h9X h#9X v c?bjD¥glhk v 9XO VX v XaFeq^¶b`^`mfX v o X m1YP9X e U g o X m!X t_kFb`^`s ^`efX mYgl^`hFms ga7efX aFmqX m07 a7^s9cib;H
s a7b¶Xjh e	b`X o 9X kFbdcis XjYX h_e o XjmhFg_X a o m	^`h_efX v hFX m	X h0Oãglh7s ef^`glh o a o 9XjkFbdcis X YrX h_e o X m	hFg_X a o mXO v gh_ef^ VX v XjmM
h"cieq^¶hMcYA`Ek v glkMglmqX×a7hFX(YP9X e U g o X o 8µc o cikFexcief^`gh 7_aF^	aFef^`b`^`mfX o Xjm v X mfmqg v eqm0@s eq^ OGm1kFbdc?s 9X mb¶X(b`ghFo Xjm2c v X eqX m o a|Y×c?^¶b`b`cilXMly|c vqv g_s s g Aµl^ELa7ef^`b`^¶mqXaFh|cib`lg v ^`e U YrX#5cim9X!mfa v bdc o ^`mfexcihFs X o X m)h7g Xja o m
^`h_efX v hFX m VcbdcbO v glh_eq^ VX v XMQa%h@Mh\Di^`b_X t_^¶mqefX o X mYP9X e U g o X m%^¶mqmfaFXjm o X m%efXjs U hF^7 a7X m o X v 9X aFbdc v ^¶mxcieq^¶gh o X
Yci^`b`b±c?lX"kc v   /08 0M T gla7efX ms X mYP9X e U g o X mmfglh_e v g57aFmfeqX m o VX mb`g v mc7_aFX1b`X mYga>lX YrX h_efm
o Xbdc O v glh_ef^ VX v Xmfglh_e	mfaTmxciYrYX h_e v 9X aFb`^`X v mMSc ^`,M   o glh7hFXb¶X v 9X mqaFb`enc?e o Xbj8µc o cikFexcieq^¶gh1Xjh e v X
o XjaFtkgmf^`ef^`glh7m o XY×ci^`b`bdc;lX	X t_e v X YX mX haFef^`b`^`mnc?h e	b+8µcib`lg v ^`e U Y(X o X2y¿c vfv g_s s gM
  - '") - $&"'( (    	&"   ) -3( ! ' -3! ! $&-$&"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S¥X m o glhFh#9XjX mX t_k 9X v ^`YrX h_encib`X m"b`X mkFb`aFmb@Wc%5Fb`X m 9X excih_e)YrX mfa v 9X X mkMgla v a7h 9X s gaFb`X YX h_e"mqencieq^`glhH
hc?^ v XD_ghs U X v s U X o 8 c%5g v o Vc >lc?b¶^ o X v hFglm	mf^`Y(aFbdc?ef^`glhFmmfexcief^`ghFhci^ v X mM  hm8 ^¶h_e9X v X mqmfX1c?as9c?m o 8 a7h
c?Yg v ef^`mfmqX a v Yrglh_e9X	c>lX s"aFh(mqX aFbMs bdcikMX e	s glYrYX%s X b`aF^ o 9X s v ^`e VcbdcmfX s eq^`glh   MµZe ^¶,Mlg^MS¾Xjm v 9X mqaFb;H
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gh eefXjh o cih7s X Vc|mqa v H§X mfeq^`YX v b9X  VX v X YXjh eb¶Xjm1kMX v eqX m o Xs U c v lX fYrgiplX h7hFX m'0,M  h½kMX aFe o glh7hFX v
o XjaFt v ci^`mfghFmM 4 8µcQ5Mg v o Db`X o 9X5F^`e(X mqe(Y^`m Vc ?J9X v g o c?hFm(aFhFXkc v ef^`X o X m(s X b`b`aFb`X m0Wa7^ o X mKe b Vc|g Va
X b`b`X m o X^> ^`X h7hFX h_e"e v glkY^`hFs Xjm.gM N X bdc(ckga v X :WX e o XmfgaFm+H§X mfeq^`YX v bdc!mqX s ef^`gh o XzkMcimfmxciX v 9X X b`b`XD
o ghFs o X"mqa v H§X mfeq^`YX v bdckMX v eqX o X"s U c v lXM a%h7mfaF^`efXDlbdcYg o 9X b`^`mnc?ef^`glh o a(mqX v eq^`mfmnc?lXkc v aFhFX"b`^dci^`mqglh
X h7s9cimqe v XjYX h_e(mfa v aFh7X6? glhFX 5F^`X h½k v 9X s ^`mqX e v c;pglh o XKBYrYKgÄX mfek v g5cQ57b¶XjYX h_ee v glk½kMc v O§ci^`efXM
a%b`b`XhFXk v Xjh o kc?m"X hs glYrkFefXbdc!kMc v eq^`X o a×sjb±c?kXje#7 a7^mfXe v gla >lXmfgaFm)b`XmfX v ef^`mfmxciXM
  - '") - $&"'( (    	&"   ) -3( ! ' -3! "'(.! $5- $&"' ( ( -3"	& hm8 ^`h_e9X v X mqmfXY×c?^¶h_eqX hcih_e Vc o X m!k U 9X hFgY VX hFXjm1^`hFmqencieq^`glhFhc?^ v X mM u gla v!v X k v 9X mfX h_eqX v b+8µcis eq^`glh
o X¿b±c v gaFX|mqa v b+8 c?Yg v ef^`mqmfX a v DghË^¶YrkgmfXraFh o 9X5F^`e(mf^`h_aFmqg  o cib"Xjh ciYrglh_e o aËs bdcikMX eM_Sc O v 9XH
7_aFX h7s X o X(s X o 9X5F^`e >lc v ^`X o XIB Vc`B]  ?M  h^`YrkgmfXX hmfg v ef^`XraFhFX(s gh o ^`ef^`glh½c?aFt|b`^`Y^`efXjm o X
k v X mfmq^`glhs ghFmfexcih_efXMRa%excih_e o glhFh#9X X m!b`X m o ^`YXjhFmf^`glh7m)k U p_mf^7_aFX m o a Yg o VX b`XIe YY`gD_bdc(exci^`b`b¶X o X m
s Xjb¶b`aFb`X mX mfebO§ci^5Fb`X =_k v VX m o X!bdc ?jglhFX o X!sjglh_enc?s eD_s X v enc?^`hFX ms X b`b`aFb`X m"glh_e	aFhFXY9Xjkci^`mfmqX a v o Xbj8 g v o v X
o X B ¾Y MQh	^`X hI7_aFXb`X)mfs U 9XjY×c o 8 ^¶h_e9X  v cief^`gh1mqgl^`e^`YrkFb`^¶sj^¶eqXD;^`bX mqe o glh7szh#9X s X mqmnci^ v X o 8 aFef^`b`^`mfX v o X m
kc?m o X(eqX YkFm v X bdcieq^>lX YrX h_e)kMX ef^`efmR= o c?hFm!b`X m!s;cib`s aFb`m 5c?mfmqX0O v 9X7_aFXjhFs XYe &]  ?gDglhcs U g^`mf^ 2dB C ] b  m o X'O=c sjglh Vc2s X7_aFXb¶XhFglY65 v X o X N gla v cih_eY×c?t_^¶Yc?blmqgl^`e o X)b+8 g v o v X o X]]'ilkMgla vb`X ms9cib`s aFb`m U c?aFefXcO v 9X7_aFX hFsjXD¾glh|ck v ^`m  2 R C B] b  mkga v  c v c?h eq^ v aFh7X!YX ^`b`b`X a v X)mfexcQ5F^`b`^`e9XMu gla v s Xkcim o XeqX YkFmD v X Yc v 7 a7glhFmb7_a\8 ^¶b O=c?aFeZ]]]^`e9X v cief^`ghFm"kga v O=ci^ v X(s p_s b`X Vc]  ?M u c vs ghFm9X^7 a7X h_eD%glhb`^`Y^`eqX!b`X(s9cib`s aFb Vc (s p_s b`XkMgla v o X mO=ci^5Fb`X mcO v 9X7_aFX hFsjX m(X e Vc|rgla½{kMgla v o X m
O v 9X7_aFX hFsjX mmqaFk#9X v ^¶Xja v X m Vc¿]  ?MRS8 aFeq^`b¶^`mxcief^`gh|^`h eqX hFmq^->X o XsjX m1Yrg o VX b`X m!h_aFYP9X v ^7_aFX ms gaFkFb9X m
X t_^`lX o ghFs o 8µc>lg^ v cisjs VX m Vc o X m"g v o ^`hcieqX a v m o Xe v VX m U c?aFefXkX v Oãg v Y×c?hFs XM
S¥X m(k v ^¶h7s ^`kciaFt o p_m+OãghFs eq^¶ghFhFX YrX h_efm o Xb+8µciYrg v eq^`mfmfXja v×Vc sjb±c?kXjefmmqglh_e(g57mfX v >_9Xjm×kMgla v o X m
O v 9X7_aFX hFsjX m o 8 Xjt sj^¶excieq^¶gh 9X b`X>b9X X m e ]  ?g^M u gla v s X mcO v 9X7_aFX hFsjX mD^`bLXjmfeX t_e v X YX YrX h_e o ^;Ts ^`b`X
o 8 g5FefX h7^ v o X mYX mqa v X m@Wc%5Fb`X m!s9c v b`X65c?hFs o 8 X mfmxci^`mX e1b`X mYX mqa v X mmfgh_efOãg v efX YrX h_e!kMX v eqa v 5#9Xjm
kc v b`X!Yrgla>X YX h_e o a >_9X v ^`h U p o v c?aFb`^7 a7X<7_aF^mf^`Y(aFb`Xb`XzYrgla>X YXjh e o X!bdc v glaFXM u gla v kMgla>gl^ v
s gYkc v X vVc o XjmzYrX mfa v X mc@Wc%5Fb`X mDMhFgaFmzc>glhFm'O=ci^`e"aFhFXk v X Y^ VX v X!mf^`Y(aFbdcieq^`glh Vc65McimfmqX O v 9X7_aFX h7s X
eB  ?g0e ^`M]g^M u a7^¶mD¾kMgla v o ^dcilh7glmfeq^7 a7X v b`X mk v g5Fb VX YrX mD7hFglaFm!c>glhFm"X:¾X s eqa#9Xa7h o X aFt_^ VX YrX
s9c?b`s aFb VczB  ?Ze ^¶,M_lgX eaFhc?aFe v X Vc<B]  ?)c>X s"aFhg v ^ @Ms X o X"mqg v ef^`X"kFb`aFmRO=c?^5Fb`XM 4 c?hFm%s U cQ7_aFX
s9c?mD7b¶Xe v gla o XcOãaF^`efXkX v Y×c?hFX h_efXX mqe)Yrg o 9X b`^¶m9XM})gleqglhFmb7_aFXmncYrg o 9X b`^¶mxcieq^¶gh1Xjmfe"^`h o ^`mfkMX hFmxcQ5Fb`X
kMgla v s ghFmfX v >lX v aFh 9X s gaFb`X YXjh eX h_e v X(b¶Xjm o X aFt|s U c?Y65 v X mb`g v m
7_aFXb`X!s bdcikMX e!X mqecOãX v YP9XMJS¾X m v 9XH
mqaFb`encieqm)mqglh_e v 9X mqaFYP9Xjm o cihFm"b`X m ^`M¾]D¾D¾9X e9{M b¾Xjmfe^`h e9X v Xjmfmnc?h_e o X v X Y×c v 7_aFX v 7_aFXbj8 gh o ^`mfeq^`hFlaFX!c?mfmfX^?Z5F^`X hb`X m o X aFt`? ghFX m o XfOãglh7s ef^`glh H
hFXjYX h_e\=09X sjglaFb`X YrX h_e1kc v b`Xre v ga o X OãaF^`efX eds bdcikMX e0OãX v YP9XDJO=c?^5Fb`X m o 9X5F^`efmgX e 9X s gaFb`X YX h_ekc v
b`X m o X a7t|g v ^ @Ms X m6eds bdc?kX ega>lX v e.g^M u gla v o X mcO v 9X^7 a7X hFs X m 9X b`X>b9X X mD¾glh v X Yc v 7_aFXaFhFXb9Xj VX v XciaF%H
YrX h_encieq^`glh o Xbdc!kMX v efX o Xs U c v lXhFglYr^`hcib`X	X e"aFhk U 9X h7glY VXjhFX o 8 U p_mfe9X v 9X mq^`m7_acih o b`X)s bdc?kX e"Xjmfe
ga>lX v eZe ^`,M¾lg^M N X!k U 9XjhFglY VX hFXX mfeb`^9X Vcbdc v X s ^ v s a7b±c?ef^`glh 7 a7^cikFkc v c; ¶e o c?hFm)bdcs U ciY65 v Xzc>lcib
b`g v m o 8 a7hFXYglh_e9X X(X h o 9X5F^`eX e o gh eb`X mX:WXjefmmqglh_e o ^`mfmf^`k#9Xjm(kc v bdc`>_^¶mqs glmq^`e9X o cih7m1b`X6WMaF^ o XM
Sc!kc v eq^¶X o Xbdcs gla v 5MX v X k v 9X mqX h_encih_eb¶X'Oãglh7s ef^`glh7hFX YXjh e o Xbj8µc?Yg v ef^`mfmqX a v c>lcih_eb+8 gla >lX v efa v X o a
s bdc?kX e
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o 8µc?mfmfa v X v b±cs ghFmfX v >lcieq^¶gh|efgenc?b¶X o a o 9X5F^`e#7_ac?h o s X b`aF^;H=sj^ o X>_^`X h_e"e v VX m)kMX eq^¶eM
N ghFs X v hcih_e!bdcs glh>lX v lXjhFs X o X(bj8µc?b¶g v ^¶e U YXD_hFgleqglhFm 7_a\8 ^`bJO§ciaFeX h_e v X×rX e   ^`e9X v cieq^`glhFm o X
s gaFkFbdciX|kMgla v g57efX hF^ v bj8$9X7_aF^`b`^5 v X VcJs U cQ7_aFX kcim o X|eqX Yk7mM#a%hAYrgiplX hFh7XD{ VcZ½^`e9X v c?ef^`glhFm
mqaTmfX h_eM
ah@h\Dglhckg v e9X o cihFm	b`X)enc%5Fb`X9cia(sj^ Hfcik v VX m"bdckc v e v X bdc?ef^>lX o Xjm o ^;:<9X v X h_efX m 9X enc?kXjm o X)s9c?b`s aFb
o c?hFmb`X"efXjYkFm o Xs9cib`s aFb7efglexcib+M N X m v 9X mqaFb`encieqmmqglh_eaFh7X"YgiplXjhFhFX o X mY(aFb`eq^¶k7b¶Xjms9c?b¶sjaFb`mX:¾X s efa#9X mM b`m)Yrglh_e v X h_e" v glmfmqg(Yg o g07_aFX!b`X!efXjYkFm o Xs9cib`s aFbkga v a7hFX!mf^`Y(aFbdc?ef^`glh(s gaFkFb9X X!XjmfeY(aFb`ef^`kFb`^9X
kc v o X a7tDkc vv cik7kg v e VcraFh s9cib`s a7bRWaF^ o X(mqX aFb+M  h½crX h> ^ v glh]]] o X  v 9X m o X(b`^5MX v e9X(kga v bdc
s g7_aFX"X e
X h_e v X !B]]]ÄX e)]]]]]Äkga v b¶X WaF^ o X e k v Xjmfmf^`gh(X es gYkMglmnc?h_efX m o X#>_^`efX mqmfX mgMS¾X"s9c?b`s aFb
s gYkFb`X e	kMgla v ]]]^`e9X v cieq^¶ghFm"X hefXjYkFm"h#9Xjs X mfmq^`efXX h> ^ v glh9 U N u  mqa v aFh  h"y Bl] M
T p kMX o Xs9c?b`s aFb u c v e o cihFm"b`X)eqX Yk7m"efglexcibe 6g
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S¥X 5FaFe o X!s X v c?kFkMg v ec"9X e9X o 8 ^`h_e v g o a7^ v X o 8 aFhkMgl^`h_e o X >_aFXYP9X s9c?hF^7_aFXX e)h_aFYP9X v ^7_aFXaFhFX
eqX s U hF^7_aFX9X h#9X v cib`X o Xrs gla7kFbdcilX0WMaF^ o Xmqe v a7s efa v XX h½ v cih o m o 9X k7b±c?s X YrX h_efmM u c v aFhFX)9X s v ^`efa v X
c?kFk v gk v ^9X X o Xjm"9X7_ac?ef^`glh7m o X 5F^`bdcih X e1kMc v aFh½e v ci^`eqX YX h_e!k7a v X YrX h_e!s ^`h#9X Ycieq^-7_aFX o X m1sjglh o ^;H
eq^¶ghFm o X!s gaFkFbdciXDMglhDc^`h e v g o aF^`eaFhFXOãg v Y(aFbdcief^`ghs gaFkFbdcih_ezc?aFefgY×c?ef^7_aFX Y(X h_e	aFhDk v g57b VXjYXo X WaF^ o X`>_^¶m$7_aFX aFt 9X s v ^`erX h Oãg v Y(aFbdcief^`ghDfS\a X ea7h k v g57b VXjYX o X×mqe v aFs efa v X 9X bdcimfeq^7 a7Xd9Xjs v ^`e
X h Sci v c?hFl^`X hÎefglexcib+MS¾Xmqs U 9X Y×c o X o ^`mqs v 9X eq^`mncieq^`glhAk v glkMglm9XDcikFk v g_s U X|b`X m(s gYkMglmnc?h_efX m(s9c v H
e9X mf^`X hFh7X m o X!bdc0>_^`efX mqmfXkc v o X mX mqkcis Xjm o 8
9X b9X YXjh eqmb@hF^`m o 9X@hF^`m)^`h o 9X kXjh o ciYrYX h_e	mfa v s U cQ7_aFX
o gY×c?^¶h7XMS8 ^`h_e9X  v cieq^`glhX h!eqX YkFmaFef^`b`^`mfXa7h!mfs U 9X Yc	^`YkFb`^`s ^`efXlb`g5c?bQ7_aF^_ c v cih_ef^`e¾bdc	mfexcQ5F^`b`^`e9X o a
k v g5Fb VX YrX1cik7k v g_s U 9XMJSc Oãg v Y(aFbdcieq^¶gh0@hc?b¶X v X mfkMX s eqXefgenc?b¶XjYX h_e"b`X m^`h >lc v ^dcih7s X m"9XjglYP9Xje v ^7_aFX m
e YDX YrXzcik v VX m o ^`mfs v 9X eq^¶mxcieq^¶ghgD7h\8 ^`h e v g o aF^`e"kc?m o 8 ^`hFmqencQ57^¶b`^`e9Xc v ef^;@s ^`X b`b`XDFa7ef^`b`^¶mqX o X m!cib`lg v ^`e U YX m
O=c?s ^`b`X m Vc1c?hcib`p_mfX v X e^`YkFb9X Y(X h_eqX v DX e"kMX v YrX e o 8 a7ef^`b`^¶mqX v b¶Xjm"Yg o VX b`X m v 9X sjX h_efm o Xzsjg 7_aFXjm)9XjglYP9X H
e v ^7_aFX YXjh eX tFc?s efmM\a%b`b`Xc 9X e9XcikFkFb`^7_a#9X X1c>X s(mfa7s s VX m Vc o X mk v g5Fb VX YXjmz^`h o aFmfe v ^`X b`mefX b`m 7_aFXb`X
s9c?b`s aFb o 8 c?Yg v ef^`mqmfX a v m U p o v ciaFb`^7_aFX mM
S¥X)e v c>lci^`b o X o 9X>X b`glkFkMX YrX h_eX hs gla v m	m8µcieqencQ7_aFX o 8 aFhFXkc v e Vcb+8µciYP9X b`^`g v c?ef^ glh o XbdcYg o 9X b`^;H
mxcief^`gh o X m)s g7_aFX m0e v 9X mfaFb`exciefm o 8 X t_^`mfefXjhFs XD o X!sjglh>lX v lX h7s XD¾cihc?b`p mqX o a`5Fb`g s;cilXYrX Y65 v c?hci^ v XgD
o 8µc?aFe v XzkMc v e Vcb+8
9X efa o X o X)bdc!mqenc%5F^`b¶^`e9X o Xs X mk v g5Fb VX YXjms gaFkFb9X mD_X h@h Vcb+8µciYP9Xjb¶^`g v cief^`gh o X m"^`hH
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